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Introduction
Recent studies suggest that proteoglycans (PGs) containing sulfated glycosaminoglycans (GAGs), such as heparan sulfate (HS), dermatan sulfate (DS) and chondroitin sulfate (CS), may play a role as cellular modulators, for example acting as a receptor for interstitial collagen1), binding growth factor2), or being a growth factor receptor3). These functions are regulated by their highly anionic polysaccharide chains.
Salivary glands not only secrete saliva, but also function as endocrine glands. Cutler et al.° defined the types of GAGs synthesized by adult rat submandibular gland (SMG) secretory units; HS is the predominant GAG type, and some HA is synthesized. They also revealed that sulfated GAG is not present in the secretory material, indicating that sulfated GAGs may play a role in the basement membrane or cell surface of such tissue.
We investigated structural alterations of the HS, which is one of the sulfated GAG, in diabetic rat kidneys5)and liver6), and reported that diabetes may influence the structure of HS in both tissues. Takai et al. 7) showed salivational and histological damage of submandibular gland in diabetic rats, and observed marked degenerative changes in the acinar cells. Detailed knowledge of any diabetes-induced structural alteration of DS and HS, which are major sulfated GAGs in the adult rat SMG8), would be useful for a better understanding of the physiological function of sulfated PGs in such tissue.
We compared the carbohydrate chain structures of DS and HS of controls with those prepared from streptozotocin-induced diabetic rat SMGs.
Materials and Methods
Experimental animals and tissue preparation Diabetes was induced in groups of 9 weekold female Sprague-Dawley rats (Nihon CL EA, Tokyo) by intravenous injection of streptozotocin (Sigma Chemical , St. Louis, MO), which had been dissolved in 5 mM sodium citrate buffer (pH 4.5), at a dose of 65 mg/ kg body weight.
Animals having serum glucose levels of 250 mg/dl and over were selected as the diabetic rats.
The SMGs were removed from the rats 20 days after diabetes induction , and from age-matched control rats under ether anesthesia. The removed samples were homogenized with acetone, defatted with chloroformmethanol (2: 1, v/v) and diethyl ether, and vacuum dried.
Preparation of sulfated GAGs GAGs were extracted from the defatted dry samples by a combination of alkali treatment and pronase digestion, and they were refined by cetylpyridinium chloride (CPC) and ethanol precipitation as described previously6) .
GAG samples were digested with chondroitinase AC in 10 mM Tris-HC1 buffer (pH 7.8) for 16 h at 37 °C, and undigested GAG containing DS and HS was recovered by CPC precipitation (DSHS sample). The DSHS sample was then digested with chondroitinase ABC under the same conditions described above, followed by recovery of undigested GAG containing HS by CPC precipitation (HS sample).
Electrophoresis on a cellulose acetate strip (SM11200, Sartorius, Germany) was carried out in order to determine the types of GAG in the GAG, DSHS, and HS samples . The standards used were hyaluronic acid (HA , Fluka AG, Switzerland), CS-A , DS, HS (from bovine kidney), and heparin (HP).
The standard GAGs, enzymes specific to GAGs, and standard unsaturated disaccharides were purchased from Seikagaku Kogyo , Tokyo.
Analysis bovine kidney HS10), although standards are not available. Therefore, we first investigated the unsaturated disaccharides produced from standard HS (from bovine kidney) and chemically modified HPs. In Fig . 5 , the standard HS gave four peaks (A) , with peak 2 disappearing after chondro-6-sulfatase digestion (B). Completely desulfated N-acetylated HP gave only peak 1 (C), and completely desulfated N-sulfated HP gave three peaks (peaks 1, 3 and 4) (D), suggesting that peaks 1 present study we found that diabetes causes a reduction in the non-sulfated portion of the DS chain, and an increase in the non-sulfated portion of the HS chain. HS is known to localize in the basement membrane and on the cell surface in mammalian tissues12), so the HS extracted from whole SMG in our study may have originated mainly from glandular and/or vascular cells and basement membrane.
In mammalian cells and tissues, sulfated GAGs are covalently bound to a core protein, forming PGs. Recent evidence suggests that HSPG or hybrid PGs, which have two different types of sulfated GAGs, are intimately related to certain growth factors. The HS produced by vascular endothelial cells binds basic fibroblast growth factor2) and protects it from proteolytic degradation by extracellular proteinases13). One of the receptor subunits to transforming growth factor-p, contains and diabetic (D) rats by heparitinase and heparinase digestion (I) , followed by chondro-6-sulfatase digestion (II). 23 ) also observed reduced sulfation with diabetes in heparan sulfate extracted from the rat liver. They suggested that N-deacetylase and/or N-sulfotransferase may be inhibited in the diabetic rat. In the present study , an increase in the non-sulfated portion of the HS chain was observed in the diabetic rat SMG. Therefore, a reduction in sulfate content may be a common feature of HS in different tissues of the diabetic animals.
It is not known if the HSPG or hybrid PG bind EGF and NGF in the rat SMG . However, an increase in the non-sulfated portion of the HS chain with diabetes indicates a decrease in the potential for interaction of the cell surface and basement membrane with the extracellular matrix. Therefore , we think that the alteration of sulfated GAG The synthesis of EGF and NGF in mouse SMGs is known to be stimulated by androgen15,24).NGF deficiencies in the diabetic mice are found in both sexes , probably independent of androgen19).Therefore,information of the sulfated GAG structure in male rat SMG may be useful in understanding the physiological function of HSPG or hybrid PG in such tissue.
